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l-Backortxind of the Invention 

The pcesant invention reiates to a method 
tissue and other age-related physiological characteristics. 
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3. Background of the Invention 

<5 One of the biochemical changes which occur with aging is-a change in mernbrane lipid cc*rposit>oa In mammalian 
plasma membranes, the main variation occurs in the relative composition of ptosphatidylcholtne fPC). which decreases 
with age, and sphingomyelin (SM) and cholesterol, which increase with age (Barenhoiz). The changes n the relative 
amounts of PC and SM is especialty great in tissues which have a low phospholipid turnover. For example, plasma 
membranes associated with the aorta and arterial wafl show a 6-fold decrease in PC/SM ratio with aging. SM also 

50 increases in several diseases, including atherosclerosis- The SM content can be as high as 70-80% of the total phos- 
pholipids in advanced aortic lesion (Barenhoiz 1982, 1984). 

The most striking differences between PC and SM derived from biological membranes are (a) the phase transition 
temperature of the lipids, and (b) the rtydrogen-bonding character of the two tipkte in a Ipid bilayer. Most sprtngomyetins 
have transition temperatures in the physiological temperature range between 30* and 40 # C. whereas most naturally 

55 occurring phosphatklyldiofines are well above their transition temperature at 37 # C (Barenhoiz 1980. 1982, 1984). In 
terms of hydrogen bonding, the difference in the polar regions of these two lipids enables SM to be both a dona and 
acceptor of hydrogen in hydrogen boncSng. while PC can only serve as a hydrogen donor. 

Whether or not related to these differences, the relative content of PC to SM in mammafian plasma membranes 
appears to affect cell functioning significantly. The inventors and colleagues have recently reported on changes in the 
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■ Th !^T Ct in ^ on P rovictes * e ™ <* liposomes having a lipid component comprising phosphatjdylchoCne hav- 

^ ^^^I! 105 * 00 * « 'east wrth respect to trar^oTterrpera^^me acyTchSn 

^^EEJS^^ ^ ^ ^ ^ ^ect * . younger age. tXnwSa^e of a 

uX^I^l^tff Cha T gW . in mJ8Cte <** «* irtravwous artrinistration of the Iposomes 
until a sicrttficartt drop tn serum creatinine phosphokinase is observed. 

Accordir^toaninportartaspectofthepresart 

where the phophatidylchoane is egg phosphatidylcholine (EPC). are able to reverse age-related changes in the lipid 

^^J^^r^t^ an, ' maiS *** ^ f9Ceived ^P 0800 * 8 * ^venous adrninistration. One 
^^^fCl^!^?- fiPOSorr« treatrrwrt is ttnat tf>e atoffrty to wrtt«ta«J r«sp«rmocy stress, wnk=ft oorrrtaHy *rtows a 
lnCT9aS,nQ afl * (startn ° abov0 the age of about 15 months in rats), is significantly improved. Further- 
more. lipKj exchange and concomitant improvement in respiratory hardiness are produced within several days of initial 
iposome administration. The method is applicable to both veterinary animals art humans. 

The effect of the liposome treatment on heart muscle lipid exc^e is reflects 
which can be readily observed in serum samples from the treated individual (veterinary animal or human) One of these 
changes is a decrease in the serum creatine phosphokinase (CPK) . to levels which are characteristic of relatively younger 
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animals. Typical ty. serum CPK in a relatively aged animal will fall by 50% or more several days after liposome adminis- 
tration is first begun. Another change which is readily observable in the treated animal is greater tolerance of the red 
blood cells to osmotic shock. Again this change is seen most strongly in the older animals, with the cetts from the treated 
irtfrvidual showing an osmotic fragility which is characteristic of the animal at a younger age. The change in osmotic 
5 fragility presumably is due to a greater PC/SM and/or phospriolipioVcholesterol ratio which occurs in red blood celts as 
a result of the iposome treatment 

The use of the invention preferably involves a suspension of liposomes containing substantially more EPC and 
substantially less SM than that characteristically found in heart tissue from individuals of about the same age. In one 
preferred embodiment the liposomes are small unilamellar vesides (SUVs) having sizes predominantly between 0.02 
io and 0.08 microns, and composed predominantly or exclusively of purif ied EPC. The liposome suspension is administered 
in an amount which is effective to produce, over a period of at least several days, a substantial decrease in the level of 
serum CPK in the treated animal The course of treatment can be followed by monitoring blood CPK or changes in blood 
cell lipid cc<Tposrtioo or osmotic fragility. , 

Another important use of the liposome treatniertnietrxrf is for increasing longevity in the treated individual. Studies 
is on laboratory animals indicate that treating relatively aged animals with liposomes over an extended period increases 
animal lifespan by an average of about 36%. 

Still another important use of the method is for increasing male sexual competence. Treating relatively old tab animals 
with liposomes according to the invention reversed the near-complete loss of competence norrnalty seen in in the older 
male animals, "[he method is particularly useful for treating older breeding animals. 
20 Accordingly, the use of the invention can concern treating an aged individual which significantly enhances the ani- 
mal's ability to withstand respiratory stress. 

The use of the invention can also concern reversing age-related lipid composition changes in heart muscle cells. 

The use of the invention can also concern a method in which the course of treatment can be easily monitored by 
changes in serum enzyme levels or red blood cell properties. 
z$ The use of the invention can also concern a method which leads to qualitative benefits in aged individuate, including 
greater longevity and sexual function. 

These and other objects and features of the invention will be more fully appreciated from the following detailed 
description of the invention. 

30 Detailed Description of the Invention 

1 . Preparation gf Uposomes 

A- Unsized liposomes 

35 

The invention involves, in one aspect administering liposomes parenteral^ to an individual (a veterinary animal or 
human) to reverse age-related changes in the lipid composition of organs and tissues, such as heart muscle cells and 
red Wood cells, by lipid exchange. Since the aging process in heart muscle is characterized in decrease in PC. and a 
corKomitarrt increase in SM and cholesterol, the liposomes are designed to promote exchange of PC from liposomes 
40 to heart cell membrane, and exchange of SM from the heart muscle to the liposomes. The liposomes are also preferably 
designed to promote cholesterol exchange from the organs and tissues, such as heart muscle cells and red Wood cells, 
to the liposomes. 

In order to promote the desired lipid exchange, the mole percent of liposomal EPC is substantially greater than, and 
the mole percent of SM ts substantial less than, that of heart tissue from the treated individual, i.e., the PC and SM 

45 levete characteristic of irKfviduals of the same age, species, and sex Preferably the liposomes contain at least about 
25 mole percent more EPC and at least about 10 mole percent less SM than the heart muscle cells in the treated 
individual. In one preferred fiposome preparation described and used in Examples Will, the liposomes are formed of 
substantia^ pure EPC. These iposomes act to increase the PC/SM ratio of the heart cefls, and to lower cholesterol 
levels, as wtfl be seen in Example II. The extent of cholesterol reduction can be modulated, from maximum reduction to 

so virtually no reduction, by increasing the amount of cholesterol from zero up to a mole percentage comparaWe to that in 
the heart muscle cetts of the treated irtfrvidual. 

Another important consideration in the sele<^ of Iposome lipicte is the acy* chained 
As indicated above, the shift from PC to SM phospholipid which occurs with age is also accompanied by an overall 
increase in the saturation and chain length of the acyt chain moieties of the membrane phospholipids, ft is therefore 

55 preferred that the PC component of the lipids have an acyt chain composition which is characteristic, at least with respect 
to transition temperature, of the acyt chain components in heart cefls from the animal at a younger age. The present 
invention uses egg PC. which contains rxedominantiy t-palmitoyU-oleyl PC and 1-palmrtoy^-6nWey1 PC. 

The liposomes may contain other lipid components, as tong as these are not immunogenic and do not inhibit the 
desired lipid exchange between the liposomes and heart muscle cells. AdcStional components may include negatively 



4 



EP0 234 



charged lipids, such as ptosphatidyiglycerol (PG) or ptosphattfytserine (PS). Of course, the mole percentage of these 
Ipcte should be relatively low with respect to PC. Lipid protective agents, such as a-tocopherol (a-T). a-tocopherol 
acetate, or a-tooopheroJ succinate, may also be included in the fipide forming the liposomes, to protect the lipid compo- 
nents against free radical damage (Levida). Typically such agents are included at a mole percentage between about 
5 0.5% and 2%. H is advantageous to add a-T to the liposomes to maintain a balance between vitarren E and polyunsat- 
urated lipids in the liposomes. 

A variety of methods for producing liposomes are available, and these have been extensively reviewed (Szoka 1 380) . 
In general these methods procHjcefiposorneswtmhm 

as wiO be discussed below, Bposomes which are relatively small and well defined in size are preferred for use in the 
io present invention, a second processing step for reducing the size and size heterogeneity of liposomal suspensions will 
usually be required. 

In one preferred method for forming the initial liposome suspension, the veside-forming lipids are taken up in a 
suitable organic solvent system, and dried in vacuo or under an inert gas to form a fipid f im in a vessel. An aqueous 
suspensions medium, such as a sterile saline solution, is added to the ftm. and the vessel is agitated until the Epids 

is have hydrated to completion, typically within 1-2 hours. The amount of aqueous medium added is such as to produce 
a final liposome suspension containing preferably between about 10 and 30 g Kpid per 100 ml. 

The lipids hydrate to form murtflarneltar vesides (MLVs) whose sizes range between about 0.5 microns to about 1 0 
microns or larger. In general, the size dtstnoution of MLVs can be shifted toward slightly smaller sizes by hydrating the 
lipids under more vigorous shaking condffions. Example I describes the preparation of egg PC MLVs. prior to treating 

20 the MLVs with ultrasonic irradiation to reduce the Gposome sizes. 

The aqueous meotum used in forming the liposomes may contain water-soluble agent(s) which enhance th stability 
of the Bposomes on storage. A preferred stabilizing agent is an iron-specific trihydroxarnine chelating agent such as 
desferoxamine. The use of this compound in reducing fipid peroxidation and free radical damage in drug-containing 
liposomes has been reported in co-owned U.S. patent application of "Liposome/Anthraquinone Drug Composition and 

zs Method", filed 6 December 1985 (US-A-4,898.735). Briefly, it was shown there that the combination of a tipophftc free- 
radical quencher, such as a-T. and the water-soluble chelator gave substantially better protection against lipid peroxi- 
dation damage than did either protective agents alone. The chelator is included in the aqueous medium in molar excess 
of the amount of free iron in the medium Typically, a chelator concentration of between about 1 0-50 jiM is sufficient. 

30 B. S'Png liposomes 

The liposome suspension may be sized to achieve a selective size distribution of vesicles in a size range less than 
about 1 micron and preferably less than about 0.2-0.3 microns. Liposomes in this size range can be readily steriBzed by 
filtration through a depth filter. Smaller vesicles also show less tendency to aggregate on storage, thus reducing poten- 

35 trail y serious vascular blockage problems when the composition is administered parent eraHy. Finally, liposomes which 
have been sized down to the submicron range show more uniform biodistribution and drug clearance characteristics. 

Several techniques are available for reducing the sizes and size heterogeneity of liposomes, in a manner suitable 
for the present invention. Ultrasonic irradiation of a liposome suspension either by bath or probe sonication produces a 
progressive size reduction down to small unilamellar vesides (SUVs) between about 0.02 and 0.08 microns in size. A 

40 sonicating procedure used to produce SUVs is descnbed in Example I. Homogenization is another method which relies 
on shearing energy to fragment large fiposomes into smaller ones. In a typical homogenization procedure, MLVs are 
recirculated through a standard emulsion homogenizer until selected liposome sizes, typically between about 0.1 and 
0.5 microns, are observed. In both methods, the particle size distribution can be monitored by conventional laser-beam 
particle size olscri miration. 

45 Extrusion of liposomes through a small-pore polycarbonate membrane is an effective method of reducing Bposome 
sizes down to a relatively weJI-deftned size distribution whose average in the range between about 0.03 and 1 micron, 
depending on the pore size of the membrane. Typicafly, the suspension is cycled through the rhernbrane several times 
until the desired iposome size cSstrfcution is achieved. The Bposomes may be extruded through successively smaller- 
pore membranes, to achieve a .gradual reduction in fiposome size. 

so More recently, it has been tfscovered that a suspension of liposomes having heterogeneous sizes above and below 
1 micron can be sized efficiently by passage through an asymmetric ceramic fitter. A preferred ceramic fitter is a Ceraflow 
Microf titer, 0.2-1 ji inner-surface pore size, available commercially from the Norton Company (Worcester. MA), and 
supplied as a muftifffter cartridge-type fflter apparatus. This sizing method is described in U.S. patent No 4 737 323 for 
"Liposome Extrusion Method", ffled 13 February 1986. 

55 CentnTugation and molecular sieve crtrorratography are other methods which are available tor producing a fiposome 
suspension wrm pa^e sizes beiow a selected thresh 

removal of larger liposomes, rather than cxxrversion of large particles to smaller ones. Liposome yields are correspond- 
ingly reduced. 
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The size-processed liposome suspension may be readily sterilized by passage through a sterilizing membrane 
having a partide tiscnrnination size of about 0.2 microns, such as a conventional 0.22 micron depth membrane filter, If 
desired, the Bposome suspension can be lyophilized for storage and reconstituted shortly before use. 

5 H. Treatment Methods and Results 

A. Liposome A d i w ri slu tion 

In one treatment method, the liposomal suspension is administered par enteral ly in one or more doses until a desired 
10 change in the fipid composition of heart musde cell is produced. Changes in lipid composition in heart muscle cells are . 
accompanied by changes in serum CPK and in red blood cefl properties, allowing the course of treatment to be monitored 
readily by blood sampling. 

The fiposomes may be conveniently administered as a series of dosages, given over a period of at least several 
days, and preferably maintained by continued doses at one to several month intervals over the lifetime of the treated 

is individual. The amount of liposomes administered at each dose is preferably between about 0.01 and 1.0 g per Kg of 
body weight and may be substantially less. A typical dose for an 80 kg individual would be between about 40 and 80 
grams lipid, corresponding to between 200 and 400 ml of an up to 20% liposome suspension. Administration may be 
by iv injection, but is preferably done by iv drip over a period of at least about 1 hour, to minimize tissue and Wood trauma 
at the site of administration. The fiposomes may be suspended in sterile saline or in a nutritional or drug-containing 

20 medium, such as a glucose/salt medium, to combine Gposome treatment with other parenteral therapy. 

Before the first dose is given, a blood sample is taken for determination of serum enzyme and/or blood cefl charac- 
teristics which win be monitored during the course of the liposome treatment As wfll be discussed below, liposome 
treatment produces a readily measurable drop in serum CPK level, to a level characteristic of the individual at a much 
younger age The fall in CPK presumably reflects a reversal in age-related Gpid composition in muscle cells, as docu- 

25 merited in Examples II and III. respectively. The liposome treatment is continued until a drop of at least about 25% in 
serum CPK. and preferably 50% or more, is observed. In the study descrfeed in Example II. serum CPK levels declined 
to about 15% of their pre-treatment values after nine days of treatment 

Liposome treatment also produces easily observable changes in the fipid axnposition and osmotic fragility of red 
Wood cells. These changes are documented in Examples IV and V below. Osmotic fragility can be determined using 

30 simple spectrophotometric techniques to measure percent hemoglobin release when the packed cells are suspended 
in one of a series of narrowly graded salt solutions. The method is descrtoed in Example V. 

The change in lipid composition of red Wood celts can be determined by first extracting Wood-cell lipids, then sep- 
arating selected lipid components by conventional chromatographic methods. PC and SM can be separated readily by 
thin layer chromatography (TLC) as descnoed in Examples I and IV. for determining the PC/SM ratio. An advantage of 

35 following Wood cell PC/SM ratio changes to monitor the course of liposome treatment is that relatively large PC/SM 
changes are observed. For example, in the 9-day treatment descrfoed in Example IV. the PC/SM ratio in red Wood ceils 
in 18-month old rats increased nearly 7-tokt 

where the therapeutic fiposomes are also designed to promote cholesterol exchange from tissues and organs, 
such as heart tissue cells, to the liposomes (by virtue of low cholesterol content in the liposomes), the course of therapy 

40 may also be monitored by following the changes in the cholesterol content. Methods for measuring and expressing 
changes in membrane cholesterol are detailed in Examples I and ill. Changes in phospholipid composition in erythro- 
cytes during liposome treatment are generally more modest than those in PC/SM. 

Following the first liposome administratioa the levels of serum CPK (or red Wood cell characteristic) are measured, 
and a second Iposome dose is given typically 2 to 7 days after the first dose. Further doses may likewise be given at 

45 2-7 c^irtervateuntfl the serum property bei^ 

at the desired **1 composition state by periodic maintenance liposome treatments, eg., every 1-2 months. Example 
VIII flustrates a treatment regimen in which lab animals were treated initially with two liposome doses spaced a week 
apart then rnaintained with a single liposome injection every two months. The animals showed at least a 36% increase 
in longevity over untreated animals. 

so : 

B. Big^emjcal Effects 

The ^osome treatment described above was tested in laboratory animals, to determine its effectiveness in reversing 
age-related changes in the Ipid composition of heart muscle cells, and increasing resistance to respiratory stress. In 
55 one series of tests. 1 8 month oW rats were treated with three liposome doses, administered every three days for six 
days (three injections), and the animals were sacrificed three days after the final injection. The PC/SM and cholesterol 
content of heart muscle cells was determined as detailed in Example II. The values were compared with those obtained 
from relatively young animals (three months old) and from untreated 18 month old animals. The results show that both 
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r^esemi^corrtn^ 

Ipd co^on also reflect 

r exchange egg PC Iposomes. The methods and results are detailed in Example VL The reagoregates showed! 
animaJ^ and these age^elated changes were substantially reversed by irKubatton with the egg PC Sposomes. The 

Red btoodcells from each of the three groups of animate were t^ 
and osn^cfragHrty. The results are dsa^ 

age^eiated changes in PC/SM ratio and cholesterol levels which normaJty occur between three and eighteen mo*hs 
of age, both rncrea*ng the PC/SM ratio and decreasing the cholesterol level with respect to eryih/oXTorn^S 
rrwthottarun^Tta 

III. Therapeutic Usps 

A. Increased R*><i<t3nrA to Respiratory fifrp^ 

An important therapeutic application of the present invention is increasing an individual's ability to withstand cardiac 
stress. This application is valuable tor individuals who have suffered cardiac trauma, such a niyocardial infarction or 
who are at high risk of heart trauma. In either case, additional stress on the heart, in the form of increased oxygen 
demand or elevated blood pressure, can cause cardiac failure or serious damage to the heart 

The utility of the treatment has been shown in laboratory animals. Here the animal's ability to withstand cardiac 
stress before and after treatment was measured by a standard lab procedure, in which an animal is placed in a defined - 
volume chamber which does not allow gas exchange with the outside During the course of the test the depletion of 
oxygen and accumulate of carbon cSoxkie reduces the animal's Wood pressure gradually to near-zero levels. The ability 
to withstand respiratory stress is measured by the time in the chamber before the animal's blood pressure drops to near 
zero The test resufts are reported in example VII. After three liposome treatments, and nine days after the first treatment 
18 month old male rats were able to maintain Wood pressure about 50% longer than untreated rats. The treated rats 
also showed a much slower rate of increase of serum CPK during the test than untreated animate. Blood monrtoring 
throughout the test period showed that both treated and untreated animals maintained comparable levels of blood oxygen 
and carbon dic^e. inolcattf^ 

The inventors and coworkers have previously investigated the relationship between membrane %*j composition 
and a number of bxrfogical properties of rat myocytes in cutoe, tn^ 

cell morphotogy. and the beating rate of heart myocytes. The studies, which are mentioned above, showed that the 
P(^SMratfaoftr*ce«sdedined€ increased 
about 1.6-toto « thesame period. The addition c* PC SUVs to Irw a*u* 

cefl. inducSng membrane fpid competition, enzyme levels, cell morphotogy. and heart activity, as measured by beat 
frequency. In particular, the rapid restoration of initiaj cell beating rate with adefition of Iposome suggest that com- 
position is a critical factor in heart musde cell performance. It is fikery, therefore, that the increased ability to withstand 
respiratory shock seen in liposome-treated animals is due, at least in part to enhanced heart performance. 

The treatment procedure generally follows the liposome administration regimen outlined above, in which the indi- 
vidual is given an initial dose of preferably between about 0.5-2 g Eptd/ \<q body weight and one or more subsequent 
dose every 2-7 days thereafter, at a long-term dose rate of between about 0.001-1 g Ipid/kg animal weight per day. A 
maintenance dose of between about O.M gHpid/kg administered every 1-2 months may be employed. The Iposomes 
used in the treatment are formulated to promote lipid exchange of PC from the Bposomes into the heart celts, and SM 
exchange in the opposite direction, as described above. The Iposomes are also preferably formulated to promote cho- 
lesterol exchange from the cells to liposomes, and one preferred liposome formulation is composed of pure egg PC. 
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However, it may be advisable in long-term treatment to include cholesterol in the liposomes, to prevent too much cho- 
lesterol depletion in the red blood ceils. 

Biochemical changes in fipkj composition of th heart are monitored, as above, by measuring related changes in 
serum CPK and/or changes in red blood cell lipid composition or osmotic fragility. Heart functioning can be monitored 
5 during th treatment period by conventional EKG. 

B. Increased Animal LongevttY 

According to another aspect of the invention, it has been discovered that laboratory animals which have received 
io liposome treatment as described above. Kve significantly longer than untreated animals. The results of a study on lon- 
gevity of male laboratory rats is described in Example VII. Briefly, 30 month old rats were given an initial injection of 
liposomes, followed by a second injection 1 week later, and maintenance infections every two months. A group of 
untreated rats died between ages 32 and 38 months, with an average age of death of about 34 months. The group of 
treated animals were sacrificed between ages 42 and 48 months. 
15 It is interesting to note that longevity was extended in the treated animate, even though treatment was not begun 
until a relatively advanced age, i.e.. within a few months of the time the animals would normally have died. This finding 
indicates that liposomes are effective in reversing age-related changes in fipid composition, even at an advanced age. 
The approximately 36% increase in longevity trioleates that the alteration in lipid composition produced by liposome 
treatment confers widespread physiological benefits (including, presumably, increased cardiac performance) which are 
20 related to longevity. The increase in longevity which is achievable can be appreciated from the projected result in humans. 
Assuming that a human lives on the average about 2 years for each month of a laboratory rat liposome treatment would 
result in a major increase of longevity. 

C. Increased Male Sexual Competence 

25 

Another benefit conferred by liposome treatment is an apparent increase in fertility of treated males. In th study 
reported in Example VIII. male tab rats 30 months and older received three liposome doses over a 6 day period. Normally 
male rats at this age are unable to sire litters when placed in the same cage with younger, otherwise fertile female rats. 
For example, when ten untreated rats of this age were each housed with three female rats, each S-6 months old. only 
30 two out of the thirty females had litters, and in each case, the litter was smaller than the usual 10-13 animal litter sired 
by younger males. Treated rats, by contrast showed normal male fertility. Ail of the rats sired litters in all three females, 
and all of the litter sizes were the normal 10-14 size. 

The treatment regimen in animals preferably involves a series of liposome injections several days to weeks before 
mating activity. The course of the treatment can be followed, as above, by monitoring the change in serum CPK or 
as change in erythrocyte properties, as discussed. The treatment is expected to be especially useful in horse and cattle 
breeding, where extending the breeding life of selected animals would be valuable. 

The following examples illustrate various aspects and uses of the present invention, but are in no way intended to 
limit the scope thereof. 

40 Materials 

Egg ptosprwtidyicholine (egg PC) and bovine brain sphingomyelin (SM) were prepared according to known methods 
(Shinrtsky, barenhotz 1976). Both fcids were more than 99% pure, based on thin layer chromatography analysis. The 
egg PC fatty acid corrpxition was similar to the reported composite 
45 1 -calrrtoyU-oleyJ PC and 1 -palrritcyU-linoleyl PC. Cholesterol, about 99% pure, was obtained from Sigma (St Louts. 
MO). Thinlayer chromatography plates - 0.25 silica gel HR and 0.024 sflica gel - were obtained from Merch (Darmstadt. 
Germany) and Anaftech (Newark, DE). respectively. 

ExarjjpjeJ 
so - 

Preparation of Small Unilamellar Vesicles 

Egg PC dissolved in chloroform was placed in a 100 ml vessel and dried to a thin fam under nitrogen. Sterile saline 
was added to the lipid film to a final concentration of about 1 00 mg/ml, and the lipid film was hydrated with swirling. The 
55 resulting muttPamettar vesicle (MLV) suspension was then bath sonicated for 1 hour using a Heat System Sonfcator. 
Model 375W, at a power setting of 40-50% full value. The temperature of the suspension was maintained at about 4*C 
under nitrogen during sonicatioa The sonicated suspension was separated from large vesicles by uttracentrifugatfon at 
100.000 g for 1 hour (Barenhoiz 1977). The suspension of SUVs, having a concentration of about 100 mg/rrt. was filter 
sterilized. 
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Example II 

Effect of Aoe and SUV Treatment on lipid ComrYy^o" rn Heart Musde Celts 

The ipidoompoGition of heart rTwsde cells in male Wistar rats at ag 3months, 18months,and l8months following 
liposome treatment were examined. Each of the three groups contained six animate, and the animals were injected 
through the tail vein with either sterile saline (3 month and 1 8 months untreated groups) or with the SUV suspension of 
Example 1 . The treated animals were injected every three days for six o 

per animal, and the untreated animals received a similar volume of sterile saline over the same period. Three days after 
the final injection (9 days after the first injection), the animate were sacrificed by exsangutnation. and the blood was 
saved for further analysis. 

The heart was removed, washed with cold saline (0.15 M Nad), and after mincing, either freshly homogenized or 
frozen at -70 # C for later rKxnogenizatioa The minced ttesue«was homogenized in about 10 volumes of cofo saKne, using 
a Teflon piston in a glass homogenizer, with about SO strokes. 

A portion of the homogenate was fipid extracted (Fotah) and the total phospholipid and cholesterol were determined 
on the chtorofornvr ich lower phase, as descnbed previously (Bartlett Barenhoiz 1978). The PC and SM content were 
determined by thin layer crtfornatography (TLC), by either one-dimertsionai chromatography on silica gel HR plates, or 
two- dimensional chromatography on silica gel plates, according to published methods (Yechiel 1985a, \avin). 

The lipid cc<nposition data are shown in Table 1 below. The PC/SM ratios are expressed as moles PC per mole SM, 
and the cfK^esterol level fe expressed as rwTiole^ 

Total DNA content per volume of homogenate remained relatively constant over time and with liposome treatment All 
data represent the average values of six animate. 



TABLE I 



Age (months) 


SUVs 


PC/SM 


Chd. 


3 




10 


100 


18 




4.5 


333 


18 


♦ 


13.7 


80-100 



The lipid composition data show that PC/SM falls more than twofold and cholesterol increases more than threefold, 
between ages 3 and 18 months. The age-related changes were completely reversed in 18 months old animals, after 
nine days of liposome treatment and in tact the PC/SM was significantly higher than the normal ratio seen at three 
months. 

Example HI 

Effect of Aoe and SUV Treatment on Heart Cell and Serum CPK 

Blood samples from the three groups of animals in Example II (3 months. 18 months, and 18 months treated with 
SUVs) were cerrtrifuged at low speed to remove blood celts. The resulting serum fractions, and each of the heart cell 
homogenate* prepared in Example II. were assayed for CPK activity. The enzyme was determined using a CPK diag- 
nostic kit obtained from Sigma (St Louts. MO), as described in Sigma Technical Bulletin No 45-UV The results are 
shown in Table II, where heart cett enzyme activity is expressed as mU per \ig heart cell ONA. and serum enzyme activity, 
as mU per ml serum. 



TABLE II 



Age (months) 


SUVs 


Heart CPK (mU/^tg DNA) 


Serum CPK (mU/jil) 


3 




20-25 


7.5 


18 




65 


20.0 


18 


♦ 


20 


2.5 
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The data show that both heart cell CPK and serum CPK (which represents enzyme which has been released pre- 
dorrinarrtyfrornrnusde tissue) increase two to threefold from ages 3 to 18 months. This increase is completely reversed 
in heart musde after 9 days of liposome treatment and in serum about an 8-fold drop in CPK activity was observed. 

5 Example IV 

Effect of Ana and SUV Treatment on l ipid Composition in Red Blood Cells 

The blood cell pellets from Example III were resuspended in cold saline and centrifuged at 1000 x g for 5 minutes. 

10 and the lymphocyte butty coat was removed, yielding a fraction of red blood cells. This fraction was washed two times 
with cold saline to further remove white cells and serum contaminants. The cells were then homogenized gentty in cold 
saline and the red cell membranes fractionated from supematart by cemrifuc^tfk^ x g for 20 minutes. A portion 

of the cell membrane pellet was fipid extracted, and total phospholipids, cholesterol, and PC and SM were determined 
as described in Example II. Table II below shows PC/SM ratios, expressed as mole PC/mole SM and cholesterol content 

if expressed as jimole cholesterol/ (ig DNA for the three different animal groups. As in Tables HI, the data values in Table 
III represent the averages for six animals. 



TABLE III 



Age (months) 


SUVs 


PC/SM 


Choi. 


3 




1.1 


4.5 


18 




0.6 


6.0 


18 


+ 


4.0 


3.0 



25 

As seen, red cells showed about a two fold decline in PC/SM between ages 3 and 18 months, and treatment with 
PC SUVs at 18 months increased this ratio nearly sevenfold. At the same time, cholesterol showed an approximate 30% 
rise between ages 3 and 1 8 months and about a twofold drop after 9 days of liposome treatment 

30 

Example V 

Effect of Aoe and SUV Treatment on Osmotic Fragilit y of Red Blood Cells 

35 The osmotic fragility of the red blood cell samples obtained in Example 111 was determined according to a standard 
procedure. Briefly, about 5 jil of washed, packed red blood cells were added to each of ten tubes. The aliquots were 
pelleted by centrifugation and supernatants removed. To each pellet was added 3 ml of cold saline having a salt con- 
centration ranging from 1 5 to 1 50 mM, in increments of 1 5 mM. The pelleted cells were rapidly resuspended in the added 
salt solutions by vortexing. After centrifugation to remove intact cells, the supernatant fractions were read spectropho- 

40 tometrically to determine the amount of released hemoglobin. The percent release was calculated as a fraction of the 
total amount of hemoglobin released by detergent lysis of the celts. Percent hemolysis at each of the salt concentrations 



55 



10 



are shown in Table (V 
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TABLE IV 



Nad (mM) 


Percent Hemolysis 




3 months 


18 months 


18 months + SUVs 


150 


3 


7 


3 


135 


5 


7 


3 


120 


5 


7 


3 


105 


8 


18 


5 


90 


15 


73 


12 


75 


50 




50 


60 


100 




75 


45 






87 


30 






92 


15 






94 



l^^ 1 ^^ 1!^°* °" ^ " ^ ° Sm °^ ^ ^h3ysis aS^- 

^ton above 90 mM. and complete hemolysis above 75 mM. Cells from liposorne-treated 1 8 months old animals gave 
about the same osmotic response as cells from young (3 month) animals at salt concentrations between 150-75 mM 

2*™* ***°*^^<* C€Us !ess osmotica «y ^gile than cells from 3 month old animals 

possibly reflecting the higher PC/SM ratio in the treated cells (Table III). 



Example VI 



40 
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SO 



55 



Effect Of Age and SUV Treatment on Hear t Cell Reaanr^ates in Cuftur a 

To confirm that the changes in lipid composition of heart cells are in tact occurring in myocardial cells, the effect of 
hposome treatment on cultured, reaggregated rnyocardial cells was also examined. The cultured reaggregates can be 
formed by d.gesting minced heart tissue with proteolytic enzymes, such as trypsin or collagenase. until the cells are 
dissociated, then culturing the cells for a period of a few days until myocardial cell reaggregates are formed (Harary) 

In the present study, hearts were obtained from maJe Vvlstar rats of each <^ 
3 months: and 1 8 months. The hearts from each age group were then treated, according to known methods (Jourdon) 
to yie* a suspension of dissociated rnyocardial cells. Cell reaggregates were formed by placing 10 ml of the cellular 
suspension (about 5x10* cefts/rnf) in a 25 ml culture ftasK and inajbating the cells on a gyratory shaker at 37«C for 
18-24 hours until aggregates formed. The cete were then transferred to Erlenme^ 

For each age group, half of the cell cultures were untreated and naif were treated with PC SUVs. prepared as in Example 
I. Cefts were treated with liposomes by adding the SUVs to the second medium, at a final concentration of about 1 -S 
rrM lipid. The ceis were cuftured tor an adojtxyid 
a gyratory shaker. The mecfium, irwluc^ %»sonies, was changed every 24 

At the end of the six day irxax)tf on period, the cells were harvested, washed several times with cold saline, and 
homogenaed into cold saline substantia^ as descnbed in Example II. A portion of the cell homogenate was Ipid 
extracted, as descnoed in Example II, tor determination of cholesterol and PC/SM ratio, and the remainder was examined 
tor CPK activity and DNA content as ctescribed in Example III. The results are shown in Table V below, where CPK is 
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expressed as activity units per \tg DNA; cholesterol, as jimole per pg DNA; and PC/SM, as moles PC/mole SM. 



TABLE V 



5 



fO 



Age 


SUV 


CPK 


Choi. 


PC/SM 


3D 


- 


7 


0.05 


2.0 


3M 




13 


0.06 


1.8 


18M 




17 


0.10 


0.8 


30 


+ 


3 


0.03 


2.0 


3M 


+ 


4 


0.04 


2.1 


18M 




4 


0.05 

i 


2.1 



15 

The data show the same general lipid composition and CPK trends related to age and liposome treatment as 
observed with in vivo liposome treatment CPK activity, which increases with animal age, is markedly reduced by liposome 
treatment. The approximately twofold increase in cholesterol which occurs between 3 and 18 months was substantially 
20 reversed by liposome treatment, as was the approximately twofold decline in PC/SM which occurs between 3 and 18 
months. 

Exa m ple V H 

25 Effect of Age and SUV Treatment on Resistance to Respiratory Stress 

When an animal is placed in a dosed chamber, the normal atmospheric oxygen in the chamber is gradually replaced 
with respired carbon dioxide, and the animal is placed under progressive respiratory stress from increased heart beat 
and breathing rate, elevated Wood pH. and falling blood pressure. The length of time which an animal can survive such 

30 stress (maintain a positive blood pressure) is one standard method for measuring the animal's resistance to respiratory 
stress. Mot surprisingly, younger animals are generally more stress-hardy in this test 

In the present example, three male Sabra rats. 15-18 months old, were treated with PC SUVs according to the 
regimen in Example II, i.e.. three injections over a six-day period. Three other rats of the same age received equivalent- 
volume injections of sterile saline. Nine days after the first injection, the animals were tested for respiratory function in 

35 a closed 600 ml chamber. The animals were anesthetized and "forced" to breath using a pump pulsing 15 times/min. 
The animals were monitored during the test period for blood pres-sure (in one limb). electrocarc5ograms (ECG) and 
arterial blood samples were taken every five minutes for analysis of blood oxygen and carbon dioxide levels. CPK levels, 
and pH. The experiment was terminated when the animals' measured Wood pressure dropped to zero, and the animal 
was allowed to breathe normal air. 

40 The average time required for untreated animals to reach a zero blood pressure state was between about 35-45 
minutes. Average endurance of treated animals was reached between about 55-65 minutes. Thus, liposome treatment 
enhanced the abtfity of the animals to withstand the respiratory stress of oxygen depletion and carbon dioxide accumu- 
lation by about 50-60%. Untreated animals maintained a basal level of blood CPK for about 25 minutes, after which 
enzyme activity increased dramatically untfl the termination of the test In treated animate. Wood CPK remained sub- 

45 stantiatty unchanged far the first 40-45 minutes, then increased gradually over the remaining test period, at a rate about 
one-tenth that in the untreated animate. 

Blood levels of oxygen, carbon dioxide, and pH, as a function of the duration of the test were similar in both animal 
groups, indicating that the increased tolerance to respiratory stress seen in treated animate was not due to different 
blood levels of oxygen and carbon cftoxide. 

50 

Example VIII 



Effect of SUV Treatment on Longevity 

55 This study examines the effect of liposome treatment on animal longevity. The rats tested were 30 month old male 
Sprague-Oawley rats. Since Sprague-Dawley rats normally die between the ages of about 24-30 months, the rats tested 
already showed some selection for longevity. A test group of six rats were each given PC SUVs, prepared as in Example 
I, at a dose of between 0.5 and 1 g liposome lipid through the tail vein, and similarly dosed after one week, and every 
two months thereafter until the animal died of natural causes. The animals were fed ad Itoitum during the treatment 
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and the usuaf precautions were taken to avoid animal infection A seer** 

Of the 6 animais in th control grot*. 2 died at 32 months (t*o rrionths after the be«nn^ 
34rf**ths,and1o1edat40a atdLrthofa^t £im«£^^ 

sacrificed at 44 months ^ 

•«n^. ,«^monrns,and3at48r«XTtte 

Example rx 

Effect Of SUV Treatment on Sow ,al Como*^ 

KrskrownthatsaojaJfuntf^ 

saline. Nine days after the m ^ectioaZa^^eS?£lf in T^ ^ """^ fr6ated aarae 
to 6 months okl The 1 male iSSSm JSSSt^ST ? ^"T* * Spraoue-Dawtey rats 5 
remo.ec, OrOy about, ***~1ZZ££SZ^^ 

to about 2 of the 3 females after 7 weeks of cmtan Z^ZZ< Produced litters, and th* rate increased 

With treated males, aboutl ^L z ^^^^.TJ^Tj^ *" ^ ««er sizes were less than 10. 
with 3 weete co^^^^Z^!?^ ^cc^ a* virtually an of the terries «tered 



Claims 
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2. Use of liposomes according to claim 1 wherein the phosphatidylcholine is egg phosphatidylcholine. . ■ 

3 " ZSSFSJSZX. 2 in ^ * — "0- lor cellUar 

^ S. Use according to daim 4 wherein the liposomes are substarrtially free from spir^jomyelin. 

6. Use according to daim 4 or 5 wherein the liposomes comprise less than 10 mole % cholesterol. 

? ' 0^ ^S^Zr^l """^ ^ - ve^es predoninarrty 

PatentamprOctM 

1- It^^ SS**!!^ umfasserri PrwsphaWylchofin rnt einer Acyltetteruusam- 

m^t^we^ezu^i^^ der Ubergangstemperatur cnarakterisfech for die Acytkettenzusam- 
: * de " Hef2Ze " en Pa * Jnten ™ j°ng«rem Alter isTL H«S 

^SScTl^T^" 0 ""^f^r V9fand ^« 1 <* *" Herznx^ellen, durch irtravenS 
VerabreK*ung der bposome. b« e<ne sgnrfkante S«nkungbeio^S«rurr^ealWnphc>s^^ 

2. Verwendung von Liposomen nach Anspruch 1. worin das Ptwsphatidytehofin E^rwspratidylcholin ist 

1 y^rrfu"0 radi Anspruch 1 Oder 2. worin das Lipc^orrprwsphatk^crwUn bei der Behandlung durch zelluiares 
Sphingomyelin oder Cholesterin ersetrt wird. 
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4. Verwendung nach einem der vorangegangenen Anspruche. worin die liposome mindestens 75 Mol-% gereinigtes 
EiPhospnatkfytchotin Oder einen Bestandtett davon umtassen. 

5. Verwendung nach Anspruch 4, worin di Liposome im wesentlichen frei von Sphingomyeiin sind. 

5 

6. Verwendung nach Anspruch 4 oder 5. worin die Liposome weniger ate 10 Mol-% Cholesterin umfassen. 

7. Verwendung nach einem der vorangegangenen Anspruche. worin die Liposome einschichtige Btaschen von vorw- 
iegend 0,02 bis 0.08 Mikrometern GrOBe sind. 

Revindications 

1. Utilisation de liposomes ayant un composant fipidtque comprenarttde la phosphalidyichofine ayant une composition 
de chaTne acytee qui est caractenstique, au moins en ce qui concerne la temperature de transition, des composants 
is de chaTne acytee de prxjsphatkiyichoOnes dans les cellules cardtaques du sujet a un plus jeune age. dans la prep- 
aration <f un medicament pour le trartement de changements dans les cellules de muscle cardiaque lies a rage, par 
administration intraveineuse des liposomes jusqu'a ce qu'on observe une chute significative de la creatinine phos- 
phokinase serique. 

20 2. Utilisation de liposomes selon la revindication 1 dans laquelle la phosphatidylcholine est une phosphatidylcholine 
d'oeuf. 

3. Utilisation selon la revendication 1 ou 2 dans laquelle, dans le trartement la phosphatidylcholine de fiposome est 
echangee corrtre de la sphingomyeline ceflulaire ou du cholesterol. 

25 

4. Utilisation selon Tune queteonque des revendications precedent es dans laquelle les liposomes comprennent au 
moins 75 % molaire de ptosphatidylcholine tfoeuf purif iee ou un composant de celle-ci. 

5. Utilisation selon la revendication 4 dans laquelle les liposomes sont sertsibiement exempts de sphingomyeline. 

30 

6. Utilisation selon la revendication 4 ou 5 dans laquelle les liposomes comprennent moins de 10 % molaire de 
cholesterol. 

7. Utilisation selon 1'une quelconque des revendications precedentes dans laquelle les liposomes sont des vesicuies 
35 unilameilaires de taiile predominante de 0.02 a 0.08 micrometre. 



40 



55 



14 



